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©  Liquid  smoke. 

(57)  Liquid  smoke,  useful  for  imparting  flavour  to  a  food 
product,  is  produced  by  condensing  the  products  of  combus- 
tion  of  dry  sawdust  which  is  maintained  as  an  undisturbed 
thin  layer  in  a  combination  zone  while  a  sweeping  air  stream 
passes  through  the  combustion  zone.  Much  higher  yields  are 
obtained  at  much  lower  char  levels  than  are  possible  using 
prior  art  procedures. 

<  

(0 

N  

O  

UJ 
Croydon  Printing  Company  Ltd. 



0 2 4 6 8 4 7  

TITLS  OF  INVENTION 

LIQUID  8M0KE 

5  FIELD  Of  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  new  method  o f  

f o r m i n g   l i q u i d   s m o k e ,  

BACKGROUND  OF  THE  INVENTION 

A  common  method  of  i m p a r t i n g   a  wood  smoke  f l a v o u r  

10  to  foods   is  by  c o n t a c t i n g   the  food  d i r e c t l y   wi th   t h e  

omoke  p r o d u c e d   upon  c o m b u s t i o n   of  wood  or  s a w d u s t .   The 

food ,   t hus   exposed   to  the  smoke,  g r a d u a l l y   t a k e s   on  t h e  

d e s i r e d   smokey  f l a v o u r   and  c h a r a c t e r ,   and  a l s o   a  smoked  

a p p e a r a n c e .  

15  The  smoke  p r o d u c e d   from  wood  f i r e s   in  smoke 

g e n e r a t o r s   c a n n o t   r e a d i l y   be  c o n t r o l l e d   and  the   f l a v o u r  

i m p a r t e d   depends   on  a  number  of  v a r i a b l e   f a c t o r s ,  

i n c l u d i n g   i n t e n s i t y   and  type  of  wood  smoke,  the   a r e a ,  

t ime  and  t e m p e r a t u r e   of  c o n t a c t ,   and  the  e x t e n t   o f  

20  d e p o s i t i o n   of  wood  t a r s   on  the  food  s u r f a c e .  

Tor  t h e s e   r e a s o n s ,   t h e r e ,   have  been  d e v e l o p e d  

a q u e o u s   smoke  f l a v o u r   s o l u t i o n s ,   or  " l i q u i d   smoke" ,   f o r  

use  in  a c h i e v i n g   the  c o n t r o l l e d   i m p a r t i n g   of  f l a v o u r   t o  

the   food  p r o d u c t   b e i n g   h e a t e d   by  c o n t a c t   t h e r e w i t h .  

25  In  U.S.   P a t e n t   No.  3 , 1 0 6 , 4 7 3 ,   t h e r e   i s   d e s c r i b e d   a  

p r o c e s s   fo r   p r o d u c i n g   an  aqueous   wood  smoke  f l a v o u r e d  

s o l u t i o n   in  which  wood  smoke  p r o d u c e d   on  b u r n i n g   s a w d u s t  

!■  s u b j e c t e d   to   r a p e t i t i v e   c o u n t e r c u r r e n t   e x t r a c t i o n  

w i t h   w t t e r .  

30  0 . 6 .   P a t e n t   No.  3 , 8 7 3 , 7 4 1   d e s c r i b e s   a  c o n t r o l l e d  

c a r b o n i s i n g   c o m b u s t i o n   of  sawdus t   in  the   p r e s e n c e   of  a  

r e g u l a t e d .   a i r   s u p p l y ,   and  an  aqueous   e x t r a c t i o n   s y s t e m ,  

so  as  to  o b t a i n   a  l i q u i d   hav ing   improved   f l a v o u r   and  a n  

e n h a n c e d   a b i l i t y   to  c o l o u r   food  p r o d u c t s   t r e a t e d  

35  t h e r e w i t h .   The  p r o d u c t   is  s a id   to  be  r e a d i l y   d i l u t a b l e ,  

p r o d u c e d   in  h igh   y i e l d   and  c o m p l e t e l y   f r e e   f r o m  

c a r c i n o g e n i c   m a t e r i a l s .  

U.S.  P a t e n t   No.  4 , 2 9 8 , 4 3 5   i n d i c a t e s   t h a t   p r o b l e m s  

w«re  a s s o c i a t e d   w i t h   the  ba tch   p r o c e s s e s   d e s c r i b e d   i n  
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U.S.  Pa t en t   No.  3 ,873 ,741 ,   inc lud ing   the  v a r i a b i l i t y   o f  

the  q u a l i t y   of  the  l i q u i d   smoke  product   ob ta ined   and  a 

s e r i o u s   f i r e   and  exp los ion   hazard  a s s o c i a t e d   with  t h e  

l a r g e   amounts  of  a i r   used  t h a r e i n .   in  the  p r o c e s s  

5  d e s c r i b e d   in  U.S.  Pa t en t   No.  4 ,298,435,   dry  hardwood 

eawduflt  having  *  mois tu re   content   below  51  ia  fed  i n t o  

ono  end  of  a  r o t a ry   c a l c i n e r   wherein  i t   is  c a l c ined   «t  a  

• t empera tu re   below  925  »P  (about  500eC)  in  the  absence  o f  

added  a i r .  
10  Smoke  produced  by  the  combustion  passes   into  a 

packed  tower  through  which  an  aqueous  l i qu id   c o n t a i n i n g  

condensed   smoke  is  r ecyc led   u n t i l   the  d e s i r e d   smoke 

c o n c e n t r a t i o n   is  reached,   along  the  l ines   d e s c r i b e d   i n  

O.8.  Pa t en t   No.  3 ,106 ,473 .   Tar  is  allowed  to  s e t t l e   o u t  

15  to  e l i m i n a t e   c a r c i n o g e n s .  

In  a l l   the  p r i o r   a r t   l i q u i d   smoke  p r o d u c i n g  

p r o c e s s e s   of  which  the  a p p l i c a n t s   are  aware,  char  i s  

p roduced   along  with  the  l i qu id   smoke,  p o a e i b l y   aa  a 

r e s u l t   of  decompos i t ion   of  v o l a t i l e s   in  th*  h e a t i n g  

20  chamber .   The  p roduc t ion   of  the  char  aa  well  a s  

n o n - c o n d e n s i b l e   combustion  products   s i g n i f i c a n t l y  

d e c r e a s e s   the  t h e o r e t i c a l   y i e ld   of  l i qu id   smoke  p r o d u c t  

based   on  sawdust.   Gene ra l ly ,   the  p r io r   a r t   p r o c e s s e s  

p roduced   y i e l d s   of  l i q u i d   smoke  based  on  sawdust   o«  o n l y  

25  abou t   45  to  50%. 
SPMMARY  OT  IHVBKTION 

He  have  now  s u r p r i s i n g l y   found  t h a t ,   by  e f f e c t i n g  

combus t ion   of  sawdust  under  c e r t a i n   c o n t r o l l e d  

c o n d i t i o n s ,   a  s i g n i f i c a n t l y   h igher   y i e ld   of  l i q u i d   smoke 

30  can  be  a t t a i n e d   with  very  l i t t l e   char  or  ash  p r o d u c t i o n .  

X i« lds   of  l i q u i d   smoke  of  904  or  g r e a t e r   based  on  

sawdus t   are  r e a d i l y   a t t a i n a b l e .  

In  p a r t i c u l a r ,   we  have  found  t h a t   by  e f f e c t i n g  

combus t ion   of  dry  sawdust  a.  a  thin  layer   in  a  w e e p i n g  

«   dry  a i r   s t ream,   we  produce  a  product   gas  s tream  which  
"  

c o n t a i n s   a  high  p ropo r t i on   of  c o n d e n . i b l e   vapours  end  

l i t t l e   or  no  by-produc t   char  i«  formed.  

While  not  wishing  to  be  bound  by  any  theory   as  t o  

why  the  p r e s e n t   inven t ion   is  e l e c t i v e ,   i t   is  t h o u g h t  
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tha t   the  th in   l ayer   of  eawduet  permits   e f f i c i e n t   h e a t  

t r a n s f e r   to  the  sawduat  and  e f f i c i e n t   v o l a t i l i z a t i o n   o f  

v o l a t i l e   combust ion  product*   and  tha t   the  flow  of  * i r  

p rov ides   not  only  oxygen  for  the  combustion  but  a l s o  

5  ac t s   as  a  sweeping  gas  to  purge  the  v o l a t i l e   m a t e r i a l *  

from  tho  oKpeaad  «ui.r<ic«  of  rhe  sawdust  before  they  a r e  

able  to  decompose .  
The  c o n d e n a i b l e s   p r e s e n t   in  the  product   gas  s t r e a m  

from  the  combust ion  o p e r a t i o n   may  b6  recovered  by  d i r e c t  

10  c o n d e n s a t i o n   by  coo l ing   or  by  con tac t   with  water  t o  

e f f e c t   d i s s o l u t i o n .   I t   ia  p r e f e r r e d   to  e f f e c t  

c o n d e n s a t i o n   by  c o o l i n g ,   since  the  use  of  e x t r a n e o u s  

Water  to  d i s s o l v e   th«  smoke  r e s u l t s   in  u n n e c e s s a r y  

d i l u t i o n   of  the  smoke,  and  may  i n h i b i t   maximum  r e t e n t i o n  

15  of  o rgan ic   compounda.  D i f f e r e n t   f r a c t i o n a   may  be  

r ecove red   from  the  p roduc t   gas  s t ream,  if  d e s i r e d .  

r.RNERJlL  DESCRIPTION  OF  INVENTION 

The  p r e e e n t   i n v e n t i o n   e f f e c t s   combustion  of  s a w d u i t  

of  any  d e s i r e d   wood,  for  example,  hiclcory  or  roaplo.  Th« 

20  aawdust  is  combusted  dry,  g e n e r a l l y   *t  a  m o i s t u r e  

c o n t e n t   of  less   than  about  5  wt.%,  while  the  a i r   a l so   i s  

p rov ided   dry,  t y p i c a l l y   at  a  mois tu re   con ten t   of  l a w  

than  about  1 .  

If  the  sawdust  1b  not  used  dry,   then  the  h e a t i n g   o f  

25  the  sawdust  i n i t i a l l y   d r ive s   off  th«  mo i s tu r e ,   v h i o h ,  

upon  c o n d e n s a t i o n ,   d i l u t e s   the  p roduc t   and  hence  i f  

u n d e s i r a b l e .   The  r e f e r e n c e   to  the  sawdust  as  being  d r y  

h e r e i n ,   r e f e r s   to  i t s   c o n d i t i o n   dur ing  combust ion.   I t  

is  p r e f e r r e d ,   t h e r e f o r e ,   to  predry   tha  sawdust  to  t h e  

,0  dry  c o n d i t i o n   p r i o r   to  feed  to  the  combustion  z o n e .  

Moisture  in  the  a i r   stream  is  a lso  d i s a d v a n t a g e o u s  

in  tha t   i t   tends  to  dampen  the  combustion  and  again  i s  

p r e s e n t   a*  d i l u e n t   in  the  p roduc t .   Reference  i..  « * •  

h e r e i n   to  the  use  of  an  a i r   s t ream,   since  th i s   is  t h e  

33  most  conven ien t   form  of  molecular   o x y g e n - c o n t a i n i n g   « • •  

Btream.  Oxygen  i .   r e q u i r e d   to  . u . t . l n   combustion  w h i l e  

a  gas  flow  ra te   through  the  combustion  zone  is  r e q u i r e d  

to  remove  the  p r o d u c t ,   of  combust ion ,   so  a.  to  m i n i m i * ,  

char  f o r m a t i o n .  
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Any  des i r ed   oxygen-conta in ing   gas  stream  having  any 
des i r ed   oxygen  c o n c e n t r a t i o n   and  any  des i red   flow  r a t e  
of  such  stream  c o n s i s t e n t   with  the  above-noted  c r i t e r i a  

can  be  employed.  For  an  air   stream,  we  have  found 
5  s a t i s f a c t o r y   r e s u l t s   can  be  obtained  if  a  l i n e a r  

v e l o c i t y   of  about  1.25  to  about  2.5  f t /min .   is  employed.  

Depending  on  oxygen  concen t r a t i on   in  the  gas  s tream  and 

•the  equipment  employed,  a  l inea r   v e l o c i t y   ou t s ide   t h i s  

range  may  be  a p p r o p r i a t e .  
io  Th*  combustion  of  the  sawdust  to  produce  the  l i q u i d  

smoke  on  condensa t ion   of  the  condans ib les   may  be  c a r r i e d  

out  in  a  batch  manner.  From  the  p r a c t i c a l   s t a n d p o i n t   o f  
the.  p r o d u c t i o n   of  commercial  q u a n t i t i e s   of  the  l i q u i d  
smoke,  t h i s   is  i m p r a c t i c a l   and,  acco rd ing ly   ,  a t t e m p t s  

15  have  been  made  to  e f f e c t   combustion  c o n t i n u o u s l y   by 

c o n t i n u o u s l y   feeding  sawdust  to  a  combustion  zone  and 

c o n t i n u o u s l y   conveying  the  sawdust  through  t h e  

combust ion  zone  as  it   is  combusted.  

Opera t ion  in  th is   manner  produced  a  more  d i l u t e  

20  p roduc t   having  a  l ease r   s t a in ing   power  than  was  a c h i e v e d  

us ing  a  batch  ope ra t i on .   It  i t   p r e f e r r e d ,   t h e r e f o r e ,  

t h t t   the  th in   sawdust  layer  be  und i s tu rbed   d u r i n g  

c o m b u s t i o n .  
One  method  of  e f f e c t i n g   the  process   of  t h e  

25  i n v e n t i o n   to  produoe  coane rc ia l   q u a n t i t i e s   of  l i q u i d  

smoke  which  we  have  found  to  be  s a t i s f a c t o r y   is  a 

s o - c a l l e d   "cont inuous  batch"  o p e r a t i o n   w h e r e i n  

i n d i v i d u a l   changes  or  batches  of  sawdust  a r e  

s u c c e s s i v e l y   deployed  in  the  combustion  zone,  each  as  a 

30  th in   layer   in  a  s u i t a b l e   c o n t a i n e r ,   combusted  and  t h e n  

removed  from  the  combustion  zone  to  be  rep laced   by  t h e  

next   c o n t a i n e r .   However,  any  other   des i r ed   p r o c e d u r e  

for   p rov id ing   undis turbed   sawdust  in  the  combus t ion  

zone,  for  example,  a  be l t   on  which  the  sawdust  i s  

35  p rov ided   and  whioh  cont inuous ly   passes   through  t h e  

combust ion  zone .  
A  thin  layer  of  »awdu»t  in  £he  combustion  zone  i s  

• ■ ■ • n t i a l   to  th«  ob ta in ino   of  a  hioh  vi«ld  oroduct .   The 
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permi t   e f f i c i e n t   heat   t r a n s f e r   and  e f f i c i e n t  

v o l a t i l i z a t i o n   of  v o l a t i l e   combust ion   p r o d u c t ! .   w8  have  

o b t a i n e d   s a t i s f a c t o r y   r e s u l t s   us ing  a  t h i c k n e s s   o f  

sawdust  l«yer   of  about  1  to  about   2  cm,  however  o t h e r  

5  t h i c k n e s s e s   may  be  a p p r o p r i a t e   in  o the r   equipment .   I f  

i n s u f f i c i e n t   sawdust  is  p r e s e n t ,   combust ion   is  too  r a p i d  

and  la rge   amounts  of  water  are  produced  whi le ,   if  t h e  

•amount  of  sawdust  is  too  h igh ,   the  smoke  p r o d u c e d  

becomes  t rapped   and  i8  d e s t r o y e d ,   which  d e c r e a s e s   t h e  

io  y i e l d   of  l i q u i d   smoke  p r o d u c e d .  

The  sawdust  g e n e r a l l y   of  a  p a r t i c l e   s ize   a s  

Suppl ied   from  the  Sawing  Of  WOOd  and  may  b«  p r e - s i e v e d  

to  remove  Chips  and  o ther   o v e r s i z e   p a r t i c l e s .   We  have  

used  sawdust  having  a  p a r t i c l e   s ize   of  about   -5  mesh  b u t  

15  l a r g e r   p a r t i c l e   s i ze s   may  be  used.   While  the  p a r t i c l e  

s ize   d i s t r i b u t i o n   may  vary  widely   w i t h i n   the  sawdust ,   i t  

is  p r e f e r r e d   to  employ  wood  p a r t i c l e s   having  a  

r e l a t i v e l y   uniform  p a r t i c l e   s i s e ,   s ince   «uch  m a t e r i a l s  

produce  a  h igher   q u a l i t y   l i q u i d   smoke  p r o d u c t .  

20  Sawdust  from  any  d e s i r e d   wood  s p e c i e s ,   i n c l u d i n g  

both  hardwood  and  softwood  s p e c i e s ,   may  be  employed  t o  

produce  l i q u i d   smoke  capable   of  i m p a r t i n g   to  food  t h e  

smokey  f l a v o u r   c h a r a c t e r i s t i c   of  the  wood  s p e c i e s .  

Examples  Of  WOOd  s p e c i e ,   u s e f u l   in  the  p r e s e n t   i n v e n t i o n  

25  are  maple,  h ickory   and  b e e c h .  

The  sawdust  may  be  combusted  to  produce  t h e  

c o n d e n s i b l e   smoke  on  a  batch  b a s i s ,   a  c o n t i n u o u s   b a s i s ,  

or ,   p r e f e r a b l y ,   a  s e m i - e e n t i n u o u a   b a o i . ,   a.  d e s c r i b e d  

above.  The  combuation  t e m p e r a t u r e   may  vary  w i d e l y  

30  g e n e r a l l y   up  to  about  1000'C,  t y p i c a l l y   about   coo*c  :  «   •  
3  

ba tch   bas i s   and  t y p i c a l l y   about   300-C  on  a  c o n t i n u o u s  

b a s i s ,   to  e f f e c t   the  c o m b u s t i o n .  
^ r   .  ba tch   o p e r a t i o n ,   h i g h e r   t e m p e r a t u r e .  

g e n e r a l l y   are  n e c e s s a r y   and  s a t i s f a c t o r y   r e s u l t ,   have  

„   
b e "   o b t a i n e d   at  about  600-C.  For  c o n t i n u o u s   and 

"   l i - c o n t i n u o u .   o p e r a t i o n ,   lower  ^ ^ ' ^ Z  

a p p r o p r i a t e ,   g e n e r a l l y   w i th in   a  range  of  about   250  C  t o  

l o t t   350-C,  p r e f e r a b l y   about  290-C  to  300'C.  H i c h e r  



0 2 4 6 8 4 7  

t e m p e r a t u r e *   w i t h i n   t h i s   range  tend  to  r e s u l t   in  more 
d i l u t e   l i q u i d   smoke .  

The  c o m b u s t i o n   zone  in  which  the  sawdust   c o m b u s t i o n  

is   e f f e c t e d   may  be  of  any  d e s i r e d   c o n s t r u c t i o n  

5  c o n s i s t e n t   wi th   the  a b i l i t y   to  p rov ide   the  sawdust   as  a  

t h i n   l a y e r   exposed   to  an  a i r   s t r eam  f lowing  over  t h e  

s u r f a c e   of  the  sawdust   through  the  combus to r .   in  one  

■ p r e f e r r e d   a s p e c t   of  the  p r e s e n t   i n v e n t i o n ,   t h e  

c o m b u s t i o n   is  e f f e c t e d   in  a  hea ted   Chamber  having  an  

10  i n l e t   f o r   the   a i r   s t ream  f lowing  t h rough   the  chamber  and  

an  o u t l e t   is  c o n n e c t e d   to  a  d o w n w a r d l y - e x t e n d i n g   pipe  o r  

c o n d u i t   to  d r a i n   any  condensed  v o l a t i l e   and  to  r a in imixe  

t a r   f o r m a t i o n .   «•  have  observed  t h a t   c o n t a c t   b e t w e e n  

m e t a l s   and  the  sawdust   has  a  d e l e t e r i o u s   e f f e c t   both  on 

!5  y i e l d   and  q u a l i t y   of  l i q u i d   smoke.  I t   is  p r e f e r r e d ,  

t h e r e f o r e ,   to  p r o v i d e   the  sawdust  in  c o n t a c t   with  g l a s s  

or  s i m i l a r   m a t e r i a l   to  improve  the  y i e l d   and  p r o d u c t  

q u a l i t y ,  

A  b y - p r o d u c t   conation  to  a l l   p r i o r   a r t   p r o c e s s e s   i s  

20  i n s o l u b l e   t a r .   The  p roce s s   of  the  p r e s e n t   i n v e n t i o n  

g e n e r a l l y   s i g n i f i c a n t l y   produces   leee   t a r   than  p r i o r   a r t  

p r o c e s s e s .  

The  p r e s e n t   i n v e n t i o n ,   t h e r e f o r e ,   r e p r e s e n t s   a  

s i g n i f i c a n t   b r e a k t h r o u g h   in  the  p r o d u c t i o n   of  l i q u i d  

25  smoke,  in  t h a t   s i g n i f i c a n t l y   g r e a t e r   y i e l d s   are  o b t a i n e d  

wi th   l i t t l e   or  no  s o l i d   b y - p r o d u o t .  
EX1UHPLE8 

example   It  , tm ,*A ^ h l T E x a m p l e   i l l u s t r a t e s   the  p r o d u c t i o n   of  l i q u i d  

30  smoke  in  a  b a t c h   p r o c e s s .  

An  e x p e r i m e n t a l   smoke  g e n e r a t o r   and  r ecove ry   u n i t  

Was  Set   UP  Compr is ing   a  t u b u l a r   g e n e r a t o r   . l i d   25  cm  x 

7  cm,  l o c a t a d   with  i t *   axis   h o r i z o n t a l   and  su r rounded   by  

a  h e a t i n g   j a c k e t .   An  a i r   flow  s t r eam  was  p r o v i d e d  

,5  t h r o u g h   the  g e n e r a t o r   and  an  o u t l e t   was  connec t ed   to  •  

d o w n w a r d l y - s l o p e d   p i p .   which  lead   to  a  s e r i e s   of  f i v e  

c o n d e n s e r   f l a s k s   cooled  by  l i q u i d   n i t r o g e n   f o r  

c o n d e n s i n g   l i o u t d   smoke,  p r e d i c t   hy  the  g e n e r a t o r .  
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In  one  eet   of  e x p e r i m e n t * ,   the  g e n e r a t o r   w a s  

c o n s t r u c t e d   of  s t a i n l e s s   s t e e l   No.  304  w h i l e ,   in  a  

s econd   s e t   of  e x p e r i m e n t * ,   the  s t a i n l e s s   s t e e l   tube  w a s  

f i t t e d   wi th   a  q u a r t z   g l a s s   l i n e r .   A  s e r i e s   of  b a t c h  

5  funs   was  c o n d u c t e d   for   each  g e n e r a t o r ,   u s i n g   25g  o f  

maple  s a w d u s t ;   d r i e d   to  3*  m o i s t u r e   in  each  run,   an  a i r  

f low  Of  4  SCFH,  and  at  a  t e m p e r a t u r e   r i s i n g   i n i t i a l l y  

•from  a m b i e n t   to  abou t   600°C  over   abou t   an  0.5  h o u r  

p e r i o d   and  then   he ld   at  €00  *C  for   abou t   an  h o u r .  

10  The  t o t a l   q u a n t i t y   of  smoke  p r o d u c e d   from  the  r u n s  

was  d e t e r m i n e d   a l o n g   wi th   the  e f f i c i e n c y   of  c o n v e r s i o n  

of  the   s a w d u s t   to  l i q u i d   smoke.  The  r e s u l t s   o b t a i n e d  

are   r e p r o d u c e d   in  the  f o l l o w i n g   Table   I :  

Table  I '  

15  Generator  #  of  Runs  Tbtal  Amount  Col lected  I  

of  Sawdust  a n t e   E f f .  

<*>  «rt 

s t a i n l e s s   8teel   42  1050  788  75.0 

Q u a r t z - l i n e r  

20  S ta in less   Steel  60  1500  1345  89.6 

The  lower   e f f i c i e n c y   for   the   s t a i n l e s s   s t e e l  

g e n e r a t o r   r e s u l t e d   from  a  r e a c t i o n   b e t w e e n   the   smoke  a n d  

the  s t e e l ,   which  was  e v i d e n t   from  O b s e r v e d   s u r f a c e  

c o r r o s i o n   of  the   i n t e r i o r   of  the  s t a i n l e s s   s t e e l   t u b e .  

25  N e v e r t h e l e s s ,   t he   e f f i c i e n c i e s   o b t a i n e d   a r e   r e m a r k a b l y  

h i g h e r   t han   c o n v e n t i o n a l l y   o b t a i n e d   in  l i q u i d   smoke  

p r o d u c t i o n   of  a b o u t   45  to  50%.  P h y s i c a l   e x a m i n a t i o n   o f  

the  g e n e r a t o r s   d id   not   r e v e a l   any  s i g n i f i c a n t   c h a r  

f o r m a t i o n   in  e i t h e r   g e n e r a t o r .  

30  The  c o n d e n s e d   smoke  o b t a i n e d   was  a n a l y s e d   and  t h e  

a n a l y s i s   is   s e t   f o r t h   in  the   f o l l o w i n g   T a b l e   I I   i 

35 
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Table  I I  
Sfcainla««  Steel  Quartt  L iner  

Ac id i ty   %  12.2  13.2 

Moiature  %  56.6  33,  § 

S  Phenols  (as  2 f4 -  

d iae thoxyphenol )   ng/nl  15.0  20.4 

Carbonyla  I  22.2  25-2 

•Staining  index  525  nm  55  114.8 

S ta in ing   index  440  nm  73  HO.  8 

10:  Acetone  l  0 .52 

Methanol  I  3.58 

Formaldehyde  ppm  4813 

The  r e s u l t s   of  th i l   Table  II  ihow  the  s u p e r i o r  

-.  q u a l i t y   of  the  l iquid  «moke  produced  in  the  pre.ence  of 

15  the  quar tz   l i n e r .  
In  th«  above.  Table  II  and  in  the  remainder  of  t h e  

Example,  below,  the  variou.   parameter ,   were  mea.ured  i n  

the  fo l lowing  manner  t 

(a)  A c i d i t y :  

20  1  ml  of  l iquid  make  li  d i lu ted   with  100  ml  of  

d i s t i l l e d   water.   The  solut ion  is  t i t r a t e d   to  pH  8 .15 ,  

es  determined  by  a  pH  meter,  using  0.1  b  -odium 

hydroxide  so lu t ion .   The  t i t r a t i o n   ii  cons idered  

compu te   When  the  pH  reoain .   at  or  near  8.15  for  a t  

2c  l e a s t   15  Second!.  The  to t a l   a c id i t y   1.  ca lcula ted   a .  

pe rcen t   by  weight  of  acet ic   acid  on  the  b a . i .   of  1  »1  o f  

0.1  K  NaOM  -  €0.06  tag  of  acet ic   a c i d .  

(b)  Mois tures  
Standard  Karl  r i . ohe r   method. 

30  " r C i d   - * .   i-  « ! —   to  100  ml  wi th  

c i e t i l l e d   water  and  5  »1  of  t h i .   water  £.  di luted  aga in  

to  100  al  with  d i s t i l l e d   water.  To  5  nd  of  the  l a t t e r  

So lu t i on   i .   added  1  ml  of  0.05%  w/v  of  cupric  . u l f a t .  

35  . o l u t i o n   a.  colour  . t a b i l i . e r ,   5  ml  of  bora t .   b u « e r   and 
35  

o. l   »1  of  Gibb' .   reagent  in  a  25  i   .crew  « ,   ,  tube.  t t .  

^ ^ ^ ^ ^ r r ^ A . d f : ^  

^ u . t i n g   to  PH  9.8  with  concent ra ted   .odium  hydroxide 

. c l u S c / a n d   d i lu t ing   to  1  l i t r e   u . ing  d i . t i l l . d   wa te r .  

s  
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Gibb's  reagent   is  fomsd  by  adding  40  ml  of  a b s o l u t e  

alcohol   to  160  rag  of  2 , 6 - a i b r o m o ° n - e h l o r o - p - b e n 2 o -  

quinoneimine.   The  contents   of  the  tub.   *r .   mixed  by 

gent ly   i n v e r t i n g   about  ten  t ime. .   The  tube  is  s tored  in  

5  a  dark  place  for  30  minutes,   10  ml  of  n -bu tano l   then  i t  

added  and  the  con ten t ,   of  the  tube  mixed  by  g e n t l y  

i n v e r t i n g   about  ten  t i n u .   The  tube  i*  placed  in  «  da rk  

•place  and  the  phase!  allowed  to  «eparate  for  10  t a inu te* .  

The  conten ts   of  the  butanol  layer  then  1>  t r a n t f   erred  t o  

10  •  cuvet te   and  the  abwrbance   at  630  nanometer ,   i s  

measured  in  a  s p « c t r o p h o t o m e t e r .  

The  abaorbance  is  conver t td   to  mg  of  2 , 6 - d i a e t h o x y -  

phenol  per.  100  ml  of  so lu t ion   by  comparison  to  a 

s tandard   curve  produced  using  known  q u a n t i t i e s   of  2 , 6 -  

15  dimethoxyphenol ,   a f t e r   deducting  for  absorbance  of  a 

blank  sample.  The  value  read  from  the  curve  then  i s  

d ivided  by  the  volume  of  l iqu id   smoke  p «   100  ni  o f  

f ina l   d i l u t i o n   to  provide  the  quan t i ty   of  phenol ,   in  *5 

per  ml  of  l iqu id   smoke. 
'  (c)  CarbonylS!  

About  25  ml  o£  crushed  ice  i .   p l w e d   in  a  300  ml 

conica l   f laa*  along  with  10  ml  of  d i l u t e   p h o . p h o r i c  

acid.   The  d i l u t e   p h o b i c   acid  i .   produce  by 

—   io  -   of  e5  % ^ i r r r : z z v z : :   ~ *  

t i t r a t e d   with  0.05  M  t h ioeu lpha t e   s o l u t i o n .   The  l 0 a i n .  

so lu t ion   is  prepared  by  completely  d i s s o l v i n g   20  g  of  

potassium  iodide  using  30  to  40  ml  of  d i s t i l l e d   w a t . r ,  

•Minn  12  7  a  Of  iodine  and  s t i r r i n g   u n t i l   c o m p l e t e l y  
30  afiflin^  U /   I  f . ™   to  x  u «   with  d i . t i l l e d   w a t e r .  

 ̂ *n  d i s t i l l e d   water  and  d i l u t i n g   to  x 
.odiu*  " ^ ^ . J V * 1 ^ .   T h . . t a r c h   so lu t ion   i .  

35  l i t * ,   with  d i a t i l l e d   water  
^ ^   ^  

prepared  by  making  a  past®  of  1 9   °*  •  

.  u t t x .   cold  ^ o ^ z ; : j : i : r z   « i .  
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' 4 ' ~ i o  

to   50  ml  w i th   me thano l   and  a d d i n g   10  ml  of  b u f f e r e d  

b i s u l f i t e   to  10  ml  of  the   m e t h a n o l   s o l u t i o n .   The 

b u f f e r e d   b i « u l f i t e   » o l u t i o n   is   p r e p a r e d   by  d i s s o l v i n g  

47 .5   g  o£  sodium  b i s u l f i t e   and  75  g  of  sodium  p h o s p h a t e  

5  in  500  ml  of  d i s t i l l e d   w a t e r   and  a d j u s t i n g   to  pH  6.5  ± 

0 . 1 .   A  b l a n k   t i t r a t i o n   is  done  for-  c o r r e c t i o n .  

The  C o n c e n t r a t i o n   Of  c a r b o n y l s   in  the  sample  t h e n  

■is  p r o v i d e d   by  the  f o l l o w i n g   f o r m u l a e   and  c o n v e r t e d   to  a  

p e r c e n t a g e :  

10  g /100   ml  of  sample  -  M  x  MM  x  ^ 1 0 0  

m  -  (S  -  B)  x  50  x  50  x  W 
ml  of  sample  To  s  2 

w h e r e i n   S  «  sample  t i t r a t i o n   vo lume,   ml  t h i o s u l p h a t e  

B  «  b l ank   t i t r a t i o n   vo lume,   ml  t h i o s u l p h a t e  

15  N  .  n o r m a l i t y   of  t h i o s u l p h a t e   s o l u t i o n  

M  -  m o l a r i t y   of  c & r b o n y l s   in  l i q u i d   smoke 

MW  «  ave rage   m o l e c u l a r   w e i g h t   of  c a r b o n y l s  

(assumed  to  be  100)  

(e)  S t a i n i n g   Index  i 
20  io  mi  of  ft  2,5*  v /v   g l y e i n e   s o l u t i o n   in  a c e t i c   a c i d  

i s   added  to  1  ml  of  l i q u i d   smoke  in  a  t e s t   tube   a n d  

i m m e r s e d   in  a  wa t e r   b a t h   a t   85«c  fo r   30  m i n u t e s ,   io  ml  

of   g l a c i a l   a c e t i c   a c i d   i s   added  and  the   t e s t   tube   c o o l e d  

i m m e d i a t e l y   in  co ld   r u n n i n g   w a t e r   fo r   2  to  3  m i n u t e s .  

25  ^   s ample   i s -   d i l u t e d   to  25  ml  w i t h   d i s t i l l e d   w a t e r .  

O s l n g   w a t e r   a .   a  r e f e r e n c e   s o l v e n t   to  s e t   t h e  

. p « t r o p h o t o m e t e r   at   ze ro   a b . o r b a n c e   a t   the   c h o s e n  

w a v e l e n g t h   (525  nm  or  440  nm)  ,  a b . o r b a n c .   of  t h e  

s o l u t i o n   i s   m e a s u r e d .   The  s t a i n i n g   index   then  i s  

30  c a l c u l a t e d ,   as  f o l l o w s *  

81  -  n e t   a b s o r b a n c e   x  1.8  x  C  x  100 

where   the   ne t   a b . o r b a n c .   i s   c a l c u l a t e d   by  - ^ a c t i n g  

t he   r e a d i n g   £ ~   an  u n h e a t . d   sample  « *   C  is  t h e  

c o r r e c t i o n   f a c t o r   a r r i v e d   a t   by  c a l i b r a t i o n   of  t h e  

3  5  s p e c t r o p h o t o m e t e r   . 

Example   2%  m ~ * , a a  
^ H   Example  i l l u s t r a t e s   the  f o r m a t i o n   of  l i q u i d  

,mok«  by  a  . . m i - c o n t i n u o u s   p r o c e s s .  
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3 , 1  

The  a p p a r a t u s   d e s c r i b e d   in  I r a a p i e   I  was  a a p l o y e d  

in  a  f u r t h e r   set   of  a K f i i ^ t o l i   where in   the  s t a i n l e s s  

Btee l   tube  was  f i t t e d   with  a  g l a s s   lin@3fo  h  s e r i e s   o f  

s e m i - c o n t i n u o u s   rune  was  p§rf©M@ie!  In  which  s u c c e s s i v e  

5  ba t ches   Of  saaple  eawduefc  w©*@  fed  feo  tha  g e n e r a t o r   i n  

t r a y s   made  frosi  Pysex  ( t rademark)   g l a s s   a « m i » c i r e u l a r   i n  

■hape  and  measur ing  23.5  ©a  long  and  5  cm  d i ame ta r .   I n  

•each  t r a y ,   the  sawdust  was  spread  evenly   t h roughou t   t h e  

l eng th   of  th«  t ray   as  a  th in   l a y e r ,  

10  Each  t ray   was  i n t r o d u c e d   th rough  a  door  at  the  a i r  

i n l e t   <snd  of  th®  g e n e r a t e s   and  the  door  i m m e d i a t e l y  

c l o s e d .   Th©  sawdust  at  &n  i n i t i a l   w o i s t u r e   con t en t   o f  

31  wae  coabwstad  under  febs  r a a e t i o n   c o n d i t i o n *   for  a  

p r e d e t e r m i n e d   per iod   ef  t ime,  a f t e r   which  the  g laas   t r a y  

15  was  removed  and  r e p l a c e d   by  a  f r e s h   ba tch   o£  sawdust  and  

the  p roce s s   r e p e a t e d .   In  t h i s   way,  s e m i - c o n t i n u o u s  

p r o c e s s i n g   of  sawduit   was  a c h i e v e d .  

The  r e s u l t s   o b t a i n e d   in  a  f i r s t   s e r i e s   o f  

e x p e r i m e n t s   us ing  tha  iOTd-eoa t imaoua   p roo«ss   at  an  a i r  

20  flow  r a t e   ©f  6  SCFH  ar®  aat   f o r t h   in  the  f o l l o w i n g   T a b l e  

I I I :  

Vkbpt 

25  __S».  
25 
IS 
15 

23 

■30.  S  

25  4  13  .  «L5  Wa  Mi  *"/  ^ ^  

15  4  1.5  40o4  m j   m   2S0  93.7 

25  3  2,0  45*2  6S.S  306  2G0  92.5 

35  25  3  2.0  ^7.5  «*-<>  ^6  ^   93'7 

20  3  2.0  3L4  S1,S  ^1  S50  *°«.8 

From  th®  data  pr©sssjtod  In  ?abl©  I I I .   ba tch   s i n e  

e v i d e n t l y   has  an  ©ffoafc  on  l i q u i d   smok®  q u a l i t y ,   with  a  

h igher   s t a i n i n g   index  boing  o b t a i n e d   with  the  l a r g « r  
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12  

b a t c h .   In  a d d i t i o n ,   i t   w o u l d   a p p e a r   t h a t   a b o u t   290*C  i e  

t h e   o p t i m u m   b a s e   t e m p e r a t u r e   a t   t h i s   a i r   f l o w   r a t e ,   i n  

View  Of  t h e   l o w e r   w a t e r   p r o d u c t i o n   a c h i e v e d .  

In  an  a d d i t i o n a l   s e r i e s   of  e x p e r i m e n t s ,   t h e   a i r  

5  f l o w   r a t e   was  d e c r e a s e d   to   a b o u t   5  SCPH  and  t h e   e f f e c t  

o b s e r v e d   f o r   d i f f e r e n t   b a t c h   w e i g h t s   a t   t he   same  b a s e  

t e m p e r a t u r e   b u t   w i t h   d i f f e r e n t   maximum  t e m p e r a t u r e s .  

The  r e s u l t s   o b t a i n e d   a r e   r e p r o d u c e d   in   t h e   f o l l o w i n g  

T a b l e   I V :  

fetch  f t r a f e r   Staining  ttodmm  Ease 

Vt i t f t   Bafeh  M r   w a *   t a p .   t ap .   t f e W  

g  ^   t o   525m  .  <  ^   .!£  .,  *. . ,  

25  2  3,0  « . l   56.7  322  290  90.1 

15  25  3  2.0  67.4  56.0  331  290  94.4 

25  2  3.0  67.1  60.7  338  290  90.1 

25  3  2.0  65.0  58.2  346  290  58.2* 

23  3  2.0  64.1  58.7  338  290  94.8 

20  2  3.0  65.3  58.2  321  290  89.9 

20  *  P u r e   n i t r o g e n   g a t   s t r e a m * .   T h i s   shows  t h a t   t h e  

p r e s e n c e   of   o x y g e n   in   t h e   gas   s t r e a m s   i s  

r e q u i r e d .  

As  may  be  s e e n   f rom  t h e   d a t a   p r e e e n t e d   in   T a b l e   I V ,  

t h e   l o w e r   f l o w   r a t e   p r o d u c e d   an  i m p r o v e m e n t   in   t h e  

25  f i t t i n i n g   i n d « x   f o r   t h e   l i q u i d   smoke  p r o d u c e d .  

The  e f f f t C t   Of  p a r t i a l *   s i s «   on  l i q u i d   smoke  q u a l i t y  

was  t e s t e d   in   a  y e t   f u r t h e r   s e r i e s   of   e x p e r i m e n t s .   T h e  

s a w d u s t   was  i n i t i a l l y   s c r e e n e d   t h r o u g h   a  12  mesh  s c r e e n  

i n t o   a  c o a r s e   f r a c t i o n   and  a  f i n e   f r a c t i o n   and  e a c h  

30  f r a c t i o n   was  p r o c e s s e d   a t   a  b a s e   t e m p e r a t u r e   of  290«C# 

an  a i r   f l o w   r a t e   of   5  SCFH  and  a  25  g  b a t c h   s i s s e .  

The  r e s u l t s   o b t a i n e d   a r e   s e t   f o r t h   in   t h e   f o l l o w i n g  

T a b l e   Vi  .  *  r  
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i te tdds   ttx  of  Msh  & f k   tester  tap  .  B e M  

'  Siaa  "ggjgj?  t o   S f f l _ ,   _JL_  .3L—  ,  - A .  

5  Qxma  2  3*0  75.1  S§,§  313  $4.7 

Chess  2  3o0  8L5  SS.1  312  90.6 

flbffiss  3  2.0'  U 4   I fd   .  11  8 W  

f i n   3  2.0  B,4  S^ol-  330  SSJ. 

Pira  3  2.0  BU  S5.8  ^9  94.1 

10  I t e   3  2.0  15.0  S7J  348  83.7 

As  may  be  seen  by  c o m p a r i s o n   be tween   the  r e s u l t s   o f  

T a b l e   V  and  tho®«  e®t  i o s t b   in  Smbl®  IV,  a  » i g n i f   l e a n t  

p o s i t i v e   e f f « c t   on  l i q u i d   @s»©k©  q u a l i t y   is  a c h i e v e d   at   a  

r e s u l t   of  p a r t i c l e ^   aig®  « n i f © £ » i t y o   f o r   the  c o a r s e  

15  f r a c t i o n   in  Tab le   vf  the   ySelfSo  as  &  p e r c e n t a g e   o f  

s a w d u s t   were  c a l s u l & t i d   and  a r t   s e t   f o r t h   in  t h e  

f o l l o w i n g   Tab le   VI  t 

T a b k j l  

P a r a m e t e r   . . _ - ^ B t A o L S f f l l 8 8 a t  

20  T o t a l   o o n d e n i a t e   9 4 , 1  

Aih  •  2«2  

L i q u i d   smskm  y i » l A   89  »3 

f a r   e s t l n a t t   2«8 

25  n o t s s   f a t a l   @©ud@n®i,t©  waa  raaamsrad  g r a v i s s e t r i c a l l y  

in  the   c o l l e c t i o n   f l a s k s   and  fo r   t h i s   r e a « o n   i i   a  

h i g h e r   v&lue  t h a n   the   t o t a l   smoke  y i e l d   p l u s   t a r ,  

wh ich   ®r«  ®©e.g«r®(S  a f t e r   d<s<g®nfcation. 

In  a d d i t i o n ,   th@  l i q u i d   @,m@k®  was  a n a l y s e d   and  c o m p a r e d  

30  w i t h   a  e o n t m e r e i a l   l i q u i d   smoke  m a i m f a e t u r e d   and  l o l d   b y  

the   a p p l i e & a t s   f o l l o w i n g   th«  p r i o r   a r t   p r o c e d u r a l ,  

i d e n t i f i e d   as  OL  1250,   and  t h i s   c o m p a r i s o n   is   t a b u l a t e d  

as  T a b l e   VII  b e l o w s  

35 
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1 4  
Table   V I I  

p^whif t t   of  I n v e n t i o n   GL  1250  

A c i d i t y   %  " - I   1 2 ' 4  

P h e n o l *   ,  DMP  ,  mg/ml  21*3  1 9 ' 2  

5  S t a i n i n g   I n d e x ,   525  nm  81.4  7 9 . 2  

C a r b o n y l s   %  24.1  * l - «  

M o i . t u r e   %  55.8  50  to  55 

A.,  may  be  seem  from  t h i .   T a b l e   V I I ,   the   l i q u i d  

amoke  p r o d u c e d   by  the  method  of  the  i n v e n t i o n   h a s  

10  c o m p a r a b l e   p r o p o r t i o n ,   to  t h o s e   of  t i n   c o m m e r c i a l  

p r o d u c t .   However ,   the  p r o d u c t   of  the   i n v e n t i o n   i s  

o b t a i n e d   in  a  s i g n i f i c a n t l y   g r e a t e r   y i e l d   w i t h   no  c h a r  

f o r m a t i o n   . 
Example  3 :  

15  T h i s   Example   i l l u i t r a t e a   the  a p p l i c a t i o n   of  t h e  

p r o c e s s   of  t he   i n v e n t i o n   to  an  a l t e r n a t e   wood  s p e c i e s .  

The  e e m i - c o n t i n u o u *   p r o c e d u r e   of  Example  2  was  

r e p e a t e d   to   f o u r t e e n   25g  b a t c h e e   of  b e e c h v o o d ,   c o a r s e  

g r o u n d   in  t h e   l a b o r a t o r y .   The  o p e r a t i n g   p a r a m e t e r s   a r e  

20  «e t   f o r t h   in   t he   f o l l o w i n g   Tab le   V i m  

Table   V I I I  

P a r a m e t e r   V a — *  

OaVduBt  TWi l tUr f t   GQTLtQTA  3I  ' 

Bate   t e m p e r a t u r e   *>u  v  

25  Air   f l o w   
4  SCPH 

Run  t i m e   p e r   b a t c h   2  h r s  

Maximum  t t m p c r a t u r e   **°  w 

Th«  y U l d e   of  p r o d u c t   ware  c a l c u l a t e d   ac  a  

p e r o e n t a g e   of  e a w d u e t   and  the  l i q u i d   cmoka  was.   a n a l y z e d .  

30  T h i .   d a t a   1.  p r . . e n t . d   in  the   f o l l o w i n g   T a b l e s   IX  and  X, 

Tab le   IX 
54.2  % 

T o t a l   c o n d e n s a t e  
1.3  % 

A"  
95  5  t  

Mast  b a l a n c e   '  
OQ  ft 

I  3s  L i q u i d   smoke  y i e l d  

Tar  e s t i m a t e  
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Table  X 
Acidi ty   %  13 .7  

Phenols,   DMP,  mg/ml  27 .8  

S ta in ing   Index,  525  run  83 .2  

Carbonyls  I  24 ,0  

Moisture  %  42 ,4  

The  e f f e c t   of  a  fu r the r   decrease  in  a i r   flow  r a t e  

on  product  qua l i t y   was  i n v e s t i g a t e d   for  th i s   wood 

ipec iee   by  lowering  the  flow  rate  to  2  SCPH  for  a 

10  f u r t h e r   se r iee   of  sawdust  batch**.  The  y ie lds   o f  

product  were  c a l c u l a t e d   as  a  percentage   of  sawdust  and 

the  l iqu id   smoke  obtained  was  analyzed.   The  r e s u l t s  

obta ined  are  set  for th   in  the  fo l lowing  Tah i t i   XI  and 

XII  i 
15  Table  XI 

Total  condensate   78 .4  

Ash  Ichar)  6 , 0  

Mass  balance  84 ,5  

Liquid  smoke  y ie ld   75 .2  

Tar  e s t imate   3 . 0  

Table  XII 

20 

Acidi ty   %  1 3 . 1  

Phenols ,   DMP,  mg/ml  3 1 . 1  

S ta in ing   Index,  525  nm  103 .3  

25  Carbonyls  %  18  .5  
Moisture  %  4 9 . 9  

Ag  nay  be  leen  by  comparison  of  Tables  XI  and  XII 

with  Tables  IX  and  X,  a  s t ronger   smoke  was  ob ta ined   a t  
the  lower  flow  ra te   but  at  the  expense  of  a  lower  mass 

30  balance  r e s u l t i n g   from  the  product ion   of  n o n - c o n d e n s i b l e  

gases  and  incomplete  a s h i n g .  

Example  4t  

This  Example  i l l u s t r a t e s   the  use  of  the  l i q u i d  

smoke  of  the  invent ion   in  the  smoking  of  m e a t s .  

35  A  combined  sample  of  l iqu id   smoke  from  r e p e t i t i v e  

runs  according  to  Sxample  1  wae  used  to  a s s e s s  

performance  on  product  in  comparison  with  OL  1250  ( see  

Example  2)  .  Use  of  the  l iqu id   smoke  by  c o n v e n t i o n a l  
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s m o k e h o u s e   on  b a c o n   showed   no  d i f f e r e n c e   in  p r o d u c t  

I  b e t w e e n   t h e   t e s t   and  GL  1250 .   D i p p i n g   t e s t s   showed  t h e  

t e s t   smoke  to   be  a t   l e a s t   as  good  in  s t a i n i n g  

1  p e r f o r m a n c e   as  GL  1 2 5 0 .  

5  SUMMARY  OF  DISCLOSURE 

In  summary   of   t h i s   d i s c l o s u r e ,   t h e   p r e s e n t  

i n v e n t i o n   p r o v i d e s   a  n o v e l   m e t h o d   of   p r o d u c i n g   l i q u i d  

•smoke  by  u s i n g   a  u n i q u e   c o m b i n a t i o n   of  p r o c e s s  

c o n d i t i o n s   f o r   t h e   c o m b u s t i o n   of  s a w d u s t .   M o d i f i c a t i o n s  

10  a r e   p o s s i b l e   w i t h i n   t h e   s c o p e   of  t h i s   i n v e n t i o n .  

15  

120 

2 5  

i30 
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CLAIMS 

1.  A  m e t h o d   of   f o r m i n g   l i q u i d   s m o k e ,   c h a r a c t e r i z e d   b y  

c o m b u s t i n g   d r y   s a w d u s t   as  a  t h i n   l a y e r   in   a  s w e e p i n g   d r y  

m o l e c u l a r   o x y g e n - c o n t a i n i n g   g a s   s t r e a m   to   p r o d u c e   a  

p r o d u c t   g a s   s t r e a m   c o n t a i n i n g   c o n d e n s i b l e   v a p o u r s ,   a n d  

c o n d e n s i n g   t h e   c o n d e n s i b l e   v a p o u r s   t o   p r o d u c e   l i q u i d  

smoke   in   h i g h   y i e l d .  

•  2.  The  m e t h o d   c l a i m e d   in  c l a i m   l r   c h a r a c t e r i z e d   i n  

t h a t   t h e   l a y e r   o£  s a w d u s t   i s   m a i n t a i n e d   s u b s t a n t i a l l y  

u n d i s t u r b e d   d u r i n g   t h e   c o m b u s t i o n .  

3.  The   m e t h o d   c l a i m e d   in   c l a i m   1  or   2,  c h a r a c t e r i z e d  

in   t h a t   t h e   m e t h o d   i s   c a r r i e d   o u t   c o n t i n u o u s l y .  

4.  The  m e t h o d   c l a i m e d   in   c l a i m   1  or   2,  c h a r a c t e r i z e d  

in  t h a t   t h e   m e t h o d   i s   c a r r i e d   o u t   s e r o i - c o n t i n u o u s l y   o n  

s u c c e s s i v e   b a t c h e s   of   s a w d u s t .  

5.  The  m e t h o d   c l a i m e d   in   c l a i m   3  o r   4,  c h a r a c t e r i z e d  

in  t h a t   t h e   c o m b u s t i o n   i s   e f f e c t e d   a t   a  t e m p e r a t u r e   o f  

a b o u t   2 5 0 °   t o   a b o u t   300  *C .  

6.  The  m e t h o d   c l a i m e d   in   c l a i m   5,  c h a r a c t e r i z e d   i n  

t h a t   t h e   c o m b u s t i o n   i s   e f f e c t e d   a t   a  t e m p e r a t u r e   o f  

a b o u t   290*  t o   a b o u t   300  #C .  

7.  The  m e t h o d   c l a i m e d   in   any   one   of   c l a i m s   1  to   6 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   g a s   s t r e a m   i e   a i r .  

8,  The  m e t h o d   c l a i m e d   in   c l a i m   7,  c h a r a c t e r i z e d   i n  

t h a t   t h e   a i r   s t r e a m   has   a  l i n e a r   v e l o c i t y   of   a b o u t   1 . 2 5  

to   a b o u t   2 . 5   f t / m i n .   ( a b o u t   40  t o   a b o u t   80  c m / m i n , ) .  

9,  A  m e t h o d   c l a i m e d   in   any  one  of   c l a i m s   1  t o   8 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   t h i n   l a y e r   o f   s a w d u s t   h a s   a  

t h i c k n e s s   of   a b o u t   1  to   2  c m .  

10,   A  m e t h o d   c l a i m e d   in   any  one  o f   c l a i m s   1  t o   9 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   s a w d u s t   i s   i n   c o n t a c t   w i t h  

g l a s s   d u r i n g   s a i d   c o m b u s t i o n .  
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